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Hsmo from Joshusn Lederberg
Madlson, wisconsin
eesmber 22, 1957

iear Joe!

This $a a semorsndum of the tople we dlscusssd yesterday designed mainly to
refreah my ova memory. If coavenieat for you, I woulcd vsry mueh appreciate
having & typed eopy in due courss.

If ny memory serves, our first topic was the mode of action of kenemycin.
Ixpecinlly perplexing was the effect of dilutions of inmoeculs of treatec 6¢lls on
viadility. My own thought was simply that the toxie action of the kasneaycin

sssms Lo rassmble thet of deprivation for streptomyein in stireptomyein-depenient
so ex1lad 5D mutants. In the letter cnme, cultures may contiens o grow for some
length of time but yiald primarily sterile culturss. This Being the cnsse, &
moderstely dense inoculum gould give a turbid plate wharess &2 smll inoculums

would give no visible growth. This point seems to be nlready substantinted by
vhat was said about the bdehavior of sultures in breth, slthough it is obvious

that more work on the kinetics of growth and the viadility ramains to be done

in Shis system. A rether faneiful suggestion in the light of this anslogy was
that concelvadly streptomycin might antagonize the lethal effscts of kanamyein

in the some sasnse as, 80 to spsak, it antagonises the lethal effects of deprivation
of streptomycin in sn 5D mutant. In order to bYring this out most clearly, it =ey
be nscessary to test the effects of kanumyein and Shair antagonism by straptomycin
in & culture which 1s nlready streptomycin resistant. I would further suggsst

the use of gradieat plates se that warisdle concentrations of streptomyein ocoula
b2 ussd in sueh a task.

I% spoasre alse important %o include & routine merphologicel sxamimation of
bacteria subject to antidiotio action sne part of ths study of say aatiblotie.

At the very lemst, 1t should de possible to determine whether lysis or the abdnorml
growtn plays mn obvious role. For this purposs, there is mo dDett:r technigus than
observation with an oil chamber under phass contrast microscopy, and the set~up
that I have which I find most workebls is a zeiss phxuse contrzat microscope
arranged with long working distence condenser. The lutter is most essential for
any work with ol chembers. %e also had occasion %o discuss the aimple tezohnicue
of oil ghembar observation and i¢s very wide epolicability.

The next topie that was under discussion or &t lesst that I will put next in tnis
suamery was the mode of aotion of penleillin. Mueh of this 1z coversd in the
manuseript of which I have alresdy meiled s copy. I am also going to send you a
summery of th: schems $hat Strohminger has made for the succesive ndditlon of
anino ecid residues in the formation of wall polypeptidas., 1 was pleased that
¥ou wers gulck to notes the likely role of thie system ms & suitable targest for
chsmotherapy, and nothing would delight me more than to sse you take an sctive
intsrest in it. For the immedinte presens, I would Juige that :lamino pimelie
aci¢ remcins as the most readily aceessible targset in that system =8 we havs yst
to lesrn whether the conjngrtce of the smino acids with mursmic escid snd with
uridine diphosphate can be Yioloxleally sctive. There would bde very listle point
in trying to construct annlogues 31f thes orlginsl wild type compounds, so ¥n speak,
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are ineffective as growth factors in eppropriate test systems. We have svery
hope of baing ebls %o estadlish this within s resscnadle length of tize and of
gourse I will hrsten to let you know the results. In view of the chemionl
gomplexitiss of the work, I Shink {% would ds beet to put off doling very much
wvith the uridise diphosphate conjugatss until we hove more informstion on thelr
behovior as growth factors. One of the mors exciting possibilities would be the
possidility of using a microdiologiesl aystem for the construction of sven more
toxio conjugntes by decsiving the enzyme systems with anslogu: subetituents. In
this connsction, ! am reminded of & paper that hes already apnasred by OQots and
co-author in the Journal of Bacteriology within the lest ysur or 3wo in whieh
they demonstrated the formation of & rather specific toxin in dacteriz trested
with penicillin. It is hBeré te bdelisve that that story is connected entirely
with ours, and the things regently worked with might serve to be o ussful
indieator in further pilot experiments. I vill ennotete this feature on the not:e
$0 be sent on Strohminger's scheme.

This brings us t5 the cusstion of analogues of 747, Ye have cdiscusaed this before
and there probably is mot mmeh to be sdcad mowe A priori, it would se:«m liksly
that the monosulphonie analogue would be the most likely bet, and 1 was not reslly
at all surprised that the disulphonic analagus proved to be inmctivse. is we
discuseed, the point of using She monosulphonic snslogns is thet one functionsl
group vae unimpeirsd and aveiledble for ineorporstien iato th: growiang pelypeptide
chain while the substitution of sulphonic or carboxyl might be :xpscted to
intsrfere with further ineorporation. Of course, to be test=d, it wonle bs
necessary %0 synthesise this ocompound. But it seszme to me that would repressnt
coneideradly l2es of a challenge tharn would the symthesis of some of the uridine
derivetives that wers dlscussed in anoth:r context. It might be helpful also if
any literature that alrsady existed on analogues of lysin: weras searcned for
ponsidls prescicents for 4P, In so meny systems of wall formation, lysine and

DAP seem %0 be homologous that & model of & LAF anzloguz might well be founced on
an offective analogus for lysine. IMe speolal virtue of o I4F anslogue would be
the selsetivity of 1ts function since it would be much less likely to be toxic to
2 mamalian haet. This, I think, rspreeents anothsr lidrary project as I am unnble
off-hand to reesll sny sxamples of lysine antagonists, I am alsc ssnding you the
scheme that Gilvarg has let me have for the bhiosynthesis of AP whiech mey afford
some othar suggestions for how to intrude on that pethway.

¥s come them to possible means of approsehing virus chemotherspy. s do not have
to go agein over the cuestions as $0 whethear an sntiviral sgent would de desiradle.
We cnn best Judge the therapeutiec usefulnese of such sn agent when ve hevs one thrt
is seatiefactory in other respscts, and my own supposition is s$hat we would be
happy indesd to have one. It wes pointad out that an empirical ssarch for anti-
viral agents has Been going on for a loag time, sand that whils some inter-sting
effeots havs dDeen turned up. nothing very useful has re«ally come out of it. At
ths present stage of our knovwledge, it seoms to me that ths ons process of virus
infsetion that we can most readily stteck 4is that of the sbsorption of the virus
to the host cell. Tho mext most likely is the smergence of the virus from ghe
infected cell to become infsctive virus, and finelly the least hopeful is the
cshance of dlocking the actunl intracellunlar multiplicetion of thas virus. The

lest I have put {n this cetegory decsus= of the supposition that virus mltiplics~
tion follows vary closely She same basic pathuays as the blosynthesis of normsl
host BENA. As we got more informmtion sbout the process, however, we mey sxpact

$0 De adble to do more about it even ot that lsvel. Oiven this point, the bast
system for ths study of an inhibditeor of the adbsorption is obviscusly the influensa
virus, because hers in the hemegglutination systesm we have 2 well worked-out model
of the sdsorption of the wvirus to host cells. The sarly work on this subj:et cen
only b descrived as bdrilliant, and if you have never done so. [ strongly
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rscomnend that you look a2t Hirst's first wo papsrs on the subject. It would be
hard for ms to persuade myself that latsr work hae dssn of egual gquality although
there has besn & good deel of 1% and much insight in some of $t. I am also
sending you s copy of Burnet's dibllography with check marks plamgsd aganinst those
papsres that I consider most relevant to the ilmmediete subdject. I ocan only sccouant
for the mudilness of some of the work that has been dons in this field by assuning
that there does not elwnys pertain 2 simple understanding of the reletionsnipe
between subdstrates and inhibitors and the significance of thes hemagglutination
renction and {te inhidition in that light. So I am going to say & few tnings

that perhsns rsstats the obvious.

This ix st lenst my owvn schemmtisation of the work thet hae bezn done om the
reactions between mueoids and cell surfaoes with influensza virus. On this schsme
which followvs Burnet g¢lasely, the surface of ths virus particles fa studced with

e mumber of molecules of rn enzyme formerly called the recsntor destroying enzyme
and vhich ve might nov call neuraminidase in the light of Gottschalk's work. The
virus surface slso contains e number of othxr substances meny of them obviously
of host origin, in view of their seriologlerl reactivity with antidoclce aguinat
vainfected host cells. Also present in this ekin s = falr smount of the mucoid
substance that is cvidently the substrate of neuraminidass and which is ¢ universel
component of csll surfaces, a2t least in the respiratory epithelium. Ths reaction
betwesn 2 virus psrticle amd the host cell consists in the first instapece of the
foramtion of an enzyme substrats complex detween the expossd group of ome of $he
nsuraminidase spots sndé 2 mucoprotein moleculs on ths cell surfage. For various
reasons, it ls nszcessary to assume that following the first contac$, the virus is
abls to conjugets et 2 numdber of pointe, thsre being, perhaps, some correszondsuce
in goometry between the dietanc+s of ths neursminidsse spots from one snothar and
of the carresponiing assoclate molegule on the host membrune. The sttachment at
sither snd of 2 single virus perticle with two cells s ths badic resction of
hensgglutination. Ons reascn for postulsting a multi-point contact is thet once
» single virus partiels attaches to a red blood cell it aposareatly “brows=s" over
the surface until it fimslly destroys all of the recertor wmucin molsculss present
on that eurface. In order %o aocount for ths virus particles remeining attschsd
$0 & single cell once it hos mece & given contest a plausable lover limit of

thres contacts is nzcemsary. This is mo thst when one bond is bdroksa, thsre will
still be two luft which zsrTve %0 dDind the virua particle to thet same cell. If
there wers only ones or zers left, there wouls be a high probadility of desorontion
of the virue from that cell once the snxyms had reactsd with the subdstrate.
Therefors, the agglutination resction is 2 mersure of the attachment of the virue
enzyme for the homologons sudbstrate. The inhidition of the agglutination reprssonts
the sompetative combination of thpee soludle mucold malscul:a with ths enzywme
spots of the virus. So loar 28 a sufficisat numder of the snzyme spotes ars Dre-
eccupisd with sttachments to soludle mucins, thers ars no spots avalladle for
attschment to fresh blood cells or other cell surfagea. Ths soludle mucins like
the recentor materiale on cell surfacss are, howaver, destroyed by the neurasiniines}
and therefors sre not effective ns inhidbitors for an indsfinit: peried of tine.
Probadly for this very reassnn thsy are not feasable as long term tharspeutlc
agents althouzh Fazekss has proposed that they do hove 30me role in the course of
an influensa infseotion. If, however, the mucoid substenoes sither s¢ fwse soluble
mucine or ns the material attached to oell surfacss are treatsd with periodic scis
for a limited period of time, I mast emphasizes limitsd, they retain their =bilisy
to form enzyme substrade complexes but the altaration of ths subdsirate by oxidation
by periocdats makes them resistent to enzymatic splitting. In short, they have
begoms competntive inhiditors. 1 am not at all sure that the warious worksrs in
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this field have fully undarstood th: eguivulence of inhibitors end sudstraizse,

the principsl Aifference being in the rate at which the substrates are destroyed
by the enzyme. In brief, the initis]l complexing resction must be postulataed to

be vary mich the same, and for an sffsctive long-terz tharapeutie inhibditsr, we
razuire & onterial that will not Be destroysd by the snzyme with which 1t i»
reacting. VWe went it to raact with that anzyme in order to prev-nt the virue
particle from effectively resching the cell surferes. There 1s, for exampls, =
papsr by Rogoch in the Deocember 1957 Lscus of Virology which hre Just apuzared

and I am not at all sure that he understands this intimets relationship betwesn
effectivs sudstrates and inhibvitore. I would slse =24:¢ that prolonged trest=ent
with periodets 28 had already dezn discoverad by Hirst results in the destruction
of the mucolds to the point whers they &0 not reaet st all with the snzyme, In
ordsr to obtein the intermediate stage of slterntion that we ars most intarsated
in, that iz where the mucin retsins 1te complexing spscificity for the snryme dbut
has #o been altered thet it cen no longer bBe aplit, it is necescary $o have »
garefully timed regims of treatment with periodate. Thes: metters hevs baen gone
into by Burnet but heve besn largely ignored by workers outside the australirn
school for reasons quite mysterious to me., In my ouinion, = moat rationsl apiroach
to ths search for an inhiditor of the influenzs virus might be found by looking
for a gompound of relatively low molecular waight that has properti:e similsr to
that of pesriocle-trested mauein. The rsssons for wanting low moleculsar wsight are,
of course, to insurs grester diffussbility, to be adle to schi:zve higher moler
concentrations, and to minimizs the probedility of sllergie or ifmmns rsesetions to
the materinl. It seams to me that ther: is no more liksly pethwey to ths finding
of such = substance then the modificntion of existing matzriels sither tnoes known
alresdy %o set as complexante, 1.2., "inhibitors” for the i{nfluenza virus or thous
sntsriels which contain neuraminic seld and might be sxpected ¢o yisld derivstives
having such properties. 7Tnis peper by Bogoch which 1 Just mentionsd ie rethar
interssting begruss 1t does point o thes existance of gouwplexing substencss of
moderetely low molscular weight as he has ceseribsd, these dbeing conjupnt e of
neurarminiec sclé with grlactose and othear suger moletiss, but I think he hes vsersc
sway from the main point of his ovn ciscussion. It is eurious that svan Jottechsll
esn report that neursmin lactnses which 1o 2 sudbstrete for nsauriminidmse i3 not sn
fnhibitor for it. If we heve any understanding at all of the reletionship betwsen
inhibitor and substrate, thie iz mersly a quantitetive statament which refl:cts
the very high rete of splitting of this particular metorisl ss compurad to its
rate of cormplax formetion. One mustn't forget that there will be clrcumstonces
where svan nesuremin lactoss will b« sn inhitvitor nsmely where it ig dreaesnt in
kigh moler conecentration as compurad to that of the substaness with which {t is
corpating for the enzyms surface. ¥e heve $0 admit the poseibility thet epecificitise
other than that of the specific bonéd in the substr:$e eontridute to the binding of
the snzyme with the mucsid. Howevsr, from vhat we know of oth-r snzyme substrate
resctions, it i» likely that the specific core of the gudstrete is the most important
fsature. Rending Bogoch on page 463 where he attributss whet residusl inhidvitory
activity he found of periodmta-trestsd ganglioside to tr-e¢<«s of unoxidized
guonglionide, it 38 obvious thst he does not understand what hss besn ssis bsefors
about the sffset of limited tr2stment with perliodats on other inhiditors., Thers
is no reeson why tha first stagee of such a program shoulc not eontimu= to sxploit
what has alrsady besn foun? with neriodets, and, ns I have alrssdy indleatad, zven
this well-lmown effect has mot becn adequetely sxplored with » view to therapeutic
usefuln-«es. Nor so far as I know, hes zny effort bes=n meie to find eplit products
of psriocdeted mucins which might retein inhibitory activity sad might have the
advanteges mlraady indlcated, nor has there be¢n any attempt to ses« wheth:r the
vers tra-tmsnt of neursminie acid or nsuramin lactoss as one of s numbsr of
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potential sudatrates of neuraninidese will result in low molscular welght inhibditors.
How, &8 far s I know, the only mocdifying reagsnt that has aver besn tested for

1%s effect on this system has Desn periodate. Fortunstely, the first one to be
tried already worked, and trhis is perhaps the rssson for it, so thers s a very wie
open fisld for the consideration of other modifying resgents which mey very well
give the sorts of sudstznese in which you ars intersated. At any rats, ws hove

here 2 vory simple in vitro systsm for the rational ssareh for 2 spseific antiviral
agent. Of course, & wide varilety of hemsgglutinin inhibitors ars known, most of
which will turn out to bs uscless sspecinlly those of bdlolegzicsl origin. This is

80 dstruse we sre in those instances trying to use hemagglutinstion as m rath:r
poor model of the whole proces: of virue infection itsslf, wherens in the program
that I am now sspousing we are using hemegglutinetion as a spseific index for s
very particular type of ectivity that we are trying to influencs. Once substantial
progress has besn mads with this ip yigro system, there will of ecourse be the
necessity of further in viye teets for therapeutic sctivity. I would agnin sugrest
using & step-vise ajnprosch in which ths de-embryonatsd sgg is ths bast materisl for
dlsgernment of liminsl therapeutic effeets, In this system, evan native mucin =nd,
to & sach largsr extent, periodetssd muein heve messursble $herapsutic setivity,

and to my mind, it i bettsr to have this ss & bass line than %0 bav« no respones:
wvhatsosver for compounds which sre on the road $o your sim.

Colominic meld, the mucopolysscharide which Berry hsd isoloted from J. goll strain
K235, wees mentionsd as deing & prolific source of neurnminic seld residuss. Barry's
latest anrlyses suggeeting thet colominie =eid 4s in fuet nothing dut the polymer
of scetr]l neuraminic aeid., It ¢, of courss, worth %esting this materisl directly
ns a possible gomplexant (I hesitats $o say inhibitar bscsuse of ths aablpuity of
it) for the influenze virus. Put aven if it is not itself amotivs, it mey prove to
bs s convenisnt seurce sither of neuraminic acld or of nsureminic nelé derivativss
of various kinds. These derivatives might be sorted into two types: those in
which the mucepolysrcharide is in a sense hydrolized or =lecoholized, ete., to give
glycosides of various sorts conjugetsd to other matorials. I might ad: at thia
point that an sxtremely useful reagent for fugthsr study of the nsursminidess
would be the nitre phenol nsuraminide,and it is sven powsidle that such = resgent
would have goms therapeutic poseibilities or be available for the cons:ruction of
other conjugates. It would be useful if it servedbs » substrate of neureminidnse
becsuse of the new facility thet it would add to the stuibss sinee thiz would be

& chromogenic substrate comperabls to nitro phenol bata-I-gnlmotosids. If it is
mersly an inhibiter. it, of courss, represents the sort of thing you sre intercstsd
in, ané I mention 1t as being = voscidly interssting source of materisl begsuse of
the esse with which the nisre group could be redused te smino ené further subatitu-
tione made from that point of view. It might be sonething of a long shot, but 1
could imegine woree experiment than trying to fuse or otherwise resct nsuraeminie
acld with nitre phenol, I mean ecolominic acic with nitre phenol, to produce such

% galsctoside. The other type of derivative would bde thoszin whieh there was
substitution along the residue ite=lf. It mey be that $his ip & will-of-the-vieyp
snd that colominiec scid hes no real structursl relstionshi; to the neuraminidus
wileh are involved in the nucins although this might serm improbabls. However,

we do not kmov ths epecific bonds by which the colominie moic ie polynsrized.

Finelly, we bBed & dilscussion on the mors genersl asp-ots of serendiysitous
substitution which I fe<l possibly doss not nmeed %0 be slsborsted assin in o
semorsndum. The general issuss and advantages of this a; rosch were ¢iscusssd, but
they heve already been presentsd to you im previous m:morsndm. I most sarn-stly
hops thert you ers going to have an opsortunity to sxslors this approsch for which
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» laboratory sst up of your own, if it is to be realtively smsl)l and flexidle,
ought to afford the most congenial setting., If 4t reslly proves not possidle for
you to manags it in this way, then I hope sems thought cen b+ given to making
other arrangements. For sxample, if necessary through your Japanese subsiclariss
or what not, although nmaturally I would r=lish the opportunity of keeping in close~
hand touch with it mysslf.

I will close with a reminder that I am expscting to recelve from you, poszinly
already in the mail, sonms samples of novodbinein znd of ksnamyclia, and also psre
of the bdidliogrzphy on sscorblc acls bactericicdnl effesct that hes to co with the

&rﬂar!mntm?‘lv datevnined taxisaity of zecarhia sold far Poestarins and wirase. 1
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will be sonding you the furthsr memorancr that I bBave alresdy mentlioned, sng in

ad ition ¢ culture of 3. goli strein K235 the sourcs of colominic seid. I wasnt

to havs & brief look o2t this ayself bdeeccuse Josrtl whon I ssw in ¥New York
emphasizad the colony variation thut is found in this strain. The mors opague
mucoid-looking eolonies 9n nutrient ager being the omes whioh produce large nmountse
of nsureminic secii. In fzet, perhsps the dest way to produee ths materinl in
smzll amounts woule be to maks surfnee cultures of the orgenizm on sugsr rather
than vreeipitste meterinl from broth ne recom-2nded in the origlnsl paper. 1If
you do h-ve ogcossion to prepers sone coloninic aeld, I would be rether intercsted
to hrve » smell sarmple for some side tests to do mysclf, although poseibly

Jaek Strohming:r who is intsrest:d in the biosynthesis of colominic =cld, ug¢ he
hes alrsrdy baen working on the bdiosynthesls of nsureminie acld, may bse 2bls o o
that enrlier.

If and when I get $his bsck, 1% will help to surve g8 = reminder 4f I heve 1-f¢
anything ont. There was one other amell point: [ mentionsd %o you oms othsr
biologlerl system.mainly the feoct thet streins like Y235 esrrying whzt I think is
2 eytoplasmic faetor whieh is responeible for theair ability to reproduce colieine.
¥e mey be dolng some sort of scresning oursszlvss to se« 1f enlicins omn he rimoves
b¥ chemical resgents. In the pressng eontext of your work, it seame uniikely
thut you want to ndd anothesr blologliesnl systesn to your sorecning progedures.

If T suy rascord anothey imprsssion that we have slrepdy dlascussed, 1t wae thut
genetic mnalynis &t this z2tage of your opsrstions prﬁ%&bly ¢&n not contributs

2 grest deal to industris) i-provement, thot is, mot without & considersdle smount
of foundationa) work stil) to bs done., PFartly for this reason, ve did not spend

s greet dosl of tire in eny further weview of your basic antibacterisl antibietic
progrem., Fartly, too, this 1a Ybecauss of my own conviction on the soun.nsss of
the s2rendipitous substitution scheme. Rowsver, I hopz you will not hugltate to
bring to my attention any features of your nlrsacdy setablished yrograms that might
be intercating to look sver. The suggestion wig mucde thot at lsust some of the
bizarre gompouncs thet streptomycctes make may be themeslves precursors or modifisd
precursors to thelr own walls. One of you at ths nesting sugeested that it alight
hs wortbwhile to see whether thers was an sppreeiadle lavel of streptonmyein or
other actimomycete~procuets in the walls of the organism thet produced thess
things.

At thie point, I Just wund to wieh you amd Pat and our co~worksrs at the leborstories
the very bast for the New Yser, and have s good trip in Jspsn.

Yours sincersly,

Joshua
Jochun Lederverg



